Moderate hypoxia modulates ABCG2 to promote the proliferation of mouse spermatogonial stem cells by maintaining mild ROS levels.
The aim of this study was to investigate the effects of different oxygen (O2) concentrations on the growth of mouse spermatogonial stem cells (SSCs) and the possible mechanisms of cell proliferation in vitro. The SSCs from testicular cells were cultured in various O2 concentrations (1%, 2.5%, 5%, and 20% O2) for 7 days. Colonies of SSCs were identified morphologically and by immunofluorescence. The number of mouse SSC colonies and the area covered by them were measured. Cell cycle progression of the SSCs was analyzed to identify the state of cell proliferation. The effects of O2 concentrations on the levels of intracellular reactive oxygen species (ROS) and expression of ATP binding cassette subfamily G member 2 (ABCG2) were also analyzed in the SSCs. Following culturing for 7 days, the SSCs were treated with Ko143 (a specific inhibitor of ABCG2) for 1 h, and the ROS level and expression of bcl-2, bax, and p53 were analyzed. The results showed that mouse SSCs formed compact colonies and had unclear borders in different O2 concentrations for 7 days, and there were no major morphologic differences between the O2 treatment groups. The expression of the SSC marker, GFR α1 was studied in each O2 treatment group. The number and area of SSC colonies, and the number of GFR α1 positive cells were the highest in the 2.5% O2 treatment group. Compared with other O2 concentrations, the number of cells in G0 cycle was significantly higher, while the level of intracellular ROS was lower at 1% O2. Moreover, the intracellular ROS levels gradually increased with increasing O2 concentration from 1% to 20%. The expression of ABCG2 in the SSCs cultured at 2.5% O2 was higher than in the other O2 groups. Inhibition of ABCG2 increased intracellular ROS generation, and the expression of the pro-apoptotic genes bax and p53, and decreased the expression of the anti-apoptotic gene bcl-2. In conclusion, moderate to low O2 tension increases ABCG2 expression to maintain mild ROS levels, triggers the expression of the anti-apoptotic genes, suppresses the proapoptotic gene pathway, and further promotes the proliferation of mouse SSCs in vitro.